C-reactive protein (CRP) is an acute-phase reactant that has been found to be associated with Alzheimer disease (AD) in histopathological and longitudinal studies; however, little data exist regarding serum CRP levels in patients with established AD. The current study evaluated CRP levels in 192 patients diagnosed with probable AD (mean age ¼ 75.8 + 8.2 years; 50% female) as compared to 174 nondemented controls (mean age ¼ 70.6 + 8.2 years; 63% female). Mean CRP levels were found to be significantly decreased in AD (2.9 mg/mL) versus controls (4.9 mg/mL; P ¼ .003). In adjusted models, elevated CRP significantly predicted poorer (elevated) Clinical Dementia Rating Scale sum of boxes (CDR SB) scores in patients with AD. In controls, CRP was negatively associated with Mini-Mental State Examination (MMSE) scores and positively associated with CDR SB scores. These findings, together with previously published results, are consistent with the hypothesis that midlife elevations in CRP are associated with increased risk of AD development though elevated CRP levels are not useful for prediction in the immediate prodrome years before AD becomes clinically manifest. However, for a subgroup of patients with AD, elevated CRP continues to predict increased dementia severity suggestive of a possible proinflammatory endophenotype in AD.
Introduction
C-reactive protein (CRP) is an acute-phase reactant that is synthesized by the liver in response to acute injury, infection, or other inflammatory stimuli. Prospective studies suggest that CRP levels in the highest tertile put one at increased risk of developing cardiovascular disease (CVD). This risk holds for men, 1,2 women, 3, 4 and the elderly population 5, 6 and does not appear to be moderated by race or ethnicity. 7 As a result of this accumulated evidence, the Centers for Disease Control and Prevention and the American Heart Association presented interpretive guidelines for high-sensitivity CRP (hs-CRP) with a cutoff score of <1.0 mg/L reflecting a low risk, 1.0 to 3.0 mg/L reflecting an average risk, and >3.0 mg/L corresponding to a high risk in the adult population. The highest risk tertile has approximately a 2fold increased risk of developing CVD when compared to the lowest risk tertile. Very highly elevated levels (>10 mg/L) may be due to noncardiovascular causes of inflammation. 8 Inflammation has been shown to play a role in cognitive decline, 9, 10 Alzheimer disease (AD), 11, 12 and vascular dementia (VaD). 11 There have been numerous studies linking CRP levels specifically to AD. Histopathologically, CRP has been found in association with both neurofibrillary tangles 13 and senile plaques 14 in AD tissue. Longitudinally, Schmidt et al 12 analyzed data from the Honolulu-aging study and Honoluluheart study and found that increased CRP levels at midlife were associated with increased risk of the development of AD, as well as VaD 25 years later. However, CRP levels did not predict AD development in the Conselice Study of Brain Aging over a 4-year period. 15 Similarly, over an average of a 5.7-year follow-up period, CRP levels did not predict the development of AD among participants from the Rotterdam Study. 16 A separate analysis of a subgroup of the Rotterdam Study found a weak relationship between CRP and AD development through a strong relationship with VaD development. 11 Crosssectionally, very little data exist regarding serum CRP levels in patients with established AD. A small study 17 found that CRP levels were elevated in AD and VaD. Locascio et al 18 recently found that lower levels of CRP were associated with more rapid cognitive and functional decline over time in patients diagnosed with AD. The current study sought to evaluate serum CRP levels in clinically diagnosed patients with AD as compared to nondemented control participants and to evaluate the relationship of CRP with scores of global cognition (Mini-Mental State Examination [MMSE]) and dementia severity (Clinical Dementia Rating [CDR] Scale). Based on the recent study by Locascio et al 18 , it was hypothesized that CRP levels would be decreased in patients with AD relative to controls.
Materials and Methods Participants
Participants in this study represent a combined pool of 192 patients diagnosed with probable AD and 174 nondemented controls; participants were recruited through 3 different research projects each designed to examine the relation between biomarkers (including CRP) and AD. Data on 198 participants (99 patients with AD and 99 controls) were collected as part of the longitudinal study on genetic and biomarkers of AD being conducted by the Texas Alzheimer's Research Consortium (TARC). The methodology of the TARC project has been described previously. 19 Data on 30 patients with AD and 17 controls were extracted from the University of Texas-Southwestern Medical Center (UTSW) Alzheimer's Disease Research Center (ADRC) database. Finally, data on 63 patients with AD and 58 controls were collected from a separate research project examining the link between homocysteine and AD at UTSW. Cases and controls were similar across recruitment methodologies with regard to demographics (age, sex, education), and mean CRP and ranges were similar within groups (case or control) across the 3 sites (analysis not shown). Therefore, samples were combined for analyses. All participants met consensus-based diagnoses for probable AD based on the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria 20 and controls performed within normal limits on psychometric assessment and were assigned a CDR Scale global score of 0.0. All participants signed written informed consent under IRB approved research protocols.
Measures
In addition to other clinical and neuropsychological measures, each participant was administered the MMSE 21 and rated on the CDR scale 22 by an AD specialist as part of his or her clinical examination.
Assays C-reactive protein levels were assessed in serum that was stored at À80 C. C-reactive protein levels from the TARC cohort were analyzed by rules based medicine (www.rulesbasedmedicine.com) via multiplexed immunoassay on their human multianalyte profile (human MAP); the least detectable dose (LDD) was 0.0015 mg/mL. Assays conducted by this company using the human MAP platform, including TARC samples, have been previously published. [23] [24] [25] [26] [27] High-sensitivity CRP assays for all other participants were conducted under Clinical Laboratory Improvement Amendments (CLIA) standardized conditions using commercially available kits (Dade-Behring Inc, Newark, DE, USA, dadebehring.com).
Analyses
Statistical analyses were conducted using SAS version 9.3 (SAS Institute, Inc, Cary, North Carolina). Analyses comparing demographic variables and log-transformed CRP levels between clinical groups were carried out using t test for continuous variables and w 2 test for discrete variables. Analyses were also examined using a subset of participants with all available data on the relation between CRP levels, MMSE, and CDR sum of boxes scores using linear regression adjusted for significant covariates.
Results
Demographic characteristics of the study population are shown in Table 1 . Patients with AD were significantly older (P < .001) and less educated (P ¼ .049) than control participants. There were significantly more women in the control group (P ¼ .011). The control group performed significantly better on the MMSE (P < .001) and received lower scores on the CDR global (P < .001) and sum of boxes (P < .001) scores.
Due to a nonnormal distribution, CRP levels were log transformed for analysis. Log-transformed CRP levels passed the Anderson-Darling test for normality (P ¼ .073) so comparison between AD and control groups was conducted via t test, which was significant (P < .0001; see Table 1 ).
Next, linear regression models were conducted to analyze the relation between CRP levels, MMSE, and CDR SB scores. Analyses were conducted separately for cases and controls (see Tables 2 and 3 ). For patients with AD, age contributed significantly to the model and was entered as a covariate whereas sex, education, and ethnicity were not significant contributors. In the adjusted model, elevated CRP levels significantly predicted higher (poorer) CDR SB scores (P ¼ .04). In controls, no demographic variables (age, sex, education, or ethnicity) contributed significantly to the models. In unadjusted models, CRP levels were associated with poorer MMSE (P < .01) and CDR SB (P ¼ .02) scores ( Table 2 ).
Discussion
The current findings suggest that CRP levels are decreased in patients with AD when compared to non-AD controls. Taken in light of previously published findings, it appears that midlife elevations in CRP are a risk factor for the development of AD; however, this elevation appears to reduce and even fall below that of nondemented controls once the disease becomes clinically manifest.
These findings, together with published results from epidemiologic studies 11, 12, 15, 16 are consistent with the hypothesis that midlife CRP elevations are associated with increased risk of AD, though elevated CRP levels are not useful for prediction in the immediate prodromal phase years before AD becomes clinically evident. Consistent with earlier studies, 28 these findings suggest that CRP levels, such as other physiologic parameters (eg, hypertension 29 ) and serum biomarkers associated with AD development (eg, MCP-1 30 ), might decrease prior to or during the development of AD.
This trend of increased CRP levels prior to AD manifestation followed by a decline in CRP levels once AD is clinically evident, if confirmed, has profound implications for treatment studies. This hypothesis may potentially explain the conflicting evidence between epidemiological studies supporting the protective effect of anti-inflammatory compounds and the failure of treatment studies using these same drugs. There is a large base of epidemiological evidence supporting the notion that anti-inflammatory compounds reduce the risk of developing AD. In a prospective, population-based cohort study of nearly 7000 individuals 55 years of age and older, all of whom were dementia free at baseline, long-term use of nonsterodial anti-inflammatory drugs (NSAIDs) was associated with a reduced risk of developing AD (relative risk ¼ 0.20, confidence interval [CI] ¼ 0.05-0.83). 31 When analyzing data from the Cache County Study, Anthony et al 32 found that the use of nonaspirin NSAIDs alone reduced the risk of developing AD (odds ratio [OR] ¼ 0.43, CI ¼ 0.23-0.75) and that the use of nonaspirin NSAIDs and aspirin reduced that risk even further (OR ¼ 0.17, CI ¼ 0.04-0.48). A metaanalysis of 9 published studies (pooled sample size ¼ 14 654) further supported the notion of a protective effect of NSAID use in terms of AD development with the relative risk of 0.27 (95% CI ¼ 0.13-0.58) associated with longterm use, 33 though a more recent study failed to find such a protective effect. 34 However, treatment studies have failed to demonstrate a benefit of NSAIDs in slowing the progression of AD, 35 reducing rates of progression from mild cognitive impairment (MCI) to AD, 36 or preventing the development of AD in elders at risk of the disease. 37 Taken together, the currently available data would suggest that anti-inflammatory compounds may have therapeutic potential in primary prevention of the disease; however, administration of these compounds may have little or no benefit once the disease is present-clinically manifest or not. The AD Antiinflammatory Prevention Trial (ADAPT) 37 was the first attempt at primary prevention using NSAID compounds in AD. The ADAPT study randomized 2528 nondemented participants at risk of AD to test the hypothesis that antiinflammatory compounds would reduce the risk of developing AD. To be included into the study, individuals had to be at least 70 years of age and have at least 1 first-degree relative with AD. However, given the above-mentioned findings, 15, 16, 36 it seems possible that the inflammatory cascade had already declined in those individuals at risk of developing AD in a short period of time and who were likely already in the pre-MCI stages. Our findings that elevated CRP continued to predict increased dementia severity, despite the overall lower level as compared to controls, suggest the presence of a proinflammatory endophenotype or subgroup that may benefit from NSAID (or other anti-inflammatory) administration and such a group would have been obscured by the analyses used in the ADAPT and other trials. The challenge will be to develop an appropriately powered and statistically designed research protocol to test the epidemiological evidence and look for a proinflammatory endophenotype of patients with AD that might respond differentially to preventative and therapeutic measures. Such analyses are currently ongoing in the TARC cohort. It is possible that medication status of the current AD group contributed to the overall finding of lower CRP levels as compared to controls as many drugs commonly taken by elders have anti-inflammatory qualities (eg, NSAIDs, statins) and medication status was not available for all patients in this sample, which reflects a limitation of the current study. However, there is no a priori reason to assume that the medication status of these patients with AD would be different from others though follow-up analyses are needed and are being conducted in the larger TARC cohort. Another limitation to the current study is the cross-sectional nature of the analyses; however, longitudinal follow-up of the TARC cohort are ongoing and future studies will be able to examine changes in inflammatory markers across dementia stages as well as during the transition from normal control to AD. a Age, sex, education, and race were included in all models as potential confounders but were not statistically significant.
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